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Abstract 
In this study we focused on the investigation of the cardiovascular system in swine by means of angiocardiographies utilizing 
Iopamiro 300 as contrast agent. Our choice of subject is due to the correlation between human species and swine, knowing that 
the latter was and continues to be an experimental model for various studies performed both in veterinary and in human 
medicine. The research was carried out on 5 male subjects of varying ages and weights. Following the injection with Iopamiro 
300 contrast agent in the left cardiac ventricle, we have obtained quality radiographic images underlining the cardiovascular 
anatomical structures involved in the systemic blood circulation. Our method allowed us to image the heart and the large vessels 
together with their origin, path and distribution. Our results led us to establish the optimal post-injection time for radiological 
exposure as well as the appropriate decubitus of the subjects in relation to the targeted cardiovascular structures. We ascertain 
that the great importance of this study lies in the transposition of anatomy from the virtual stage to the real stage, without 
resorting to the euthanasia of the subjects. 
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1. Introduction 
The use of contrast agents is widespread not only for radiological methods (both Standard and Computed 
Tomography X-ray), but also for the methods of non-invasive imaging such as ultrasonography (Stan and Badea, 
2012; Stan, 2010). Though it is true that contrast agents used in radiology vary from those used in ultrasonography, 
but we wish to underline the large scale of their respective involvements with regard to the examination of the 
components of the cardiovascular system (heart, arteries, veins, lymphatic vessels and lymph nodes).  
Our research aimed to describe and interpret certain aspects of the morphology of the cardiovascular system in 
the swine species. Based on the known variability of the cardiovascular system, especially on that of the vascular 
segment, we have focused on the latter. Using a radiological technique with contrast agent allowed us to obtain 
images highlighting the heart and the great arterial vessels along with their origin, path and distribution. Based on 
these images, it is possible to establish the common norm, the individual particularities, but also the deviations from 
the normal morphology, which may represent various pathological situations. In light of the foregoing, it is shown 
that our study used an imaging technique that may serve both a didactic and a clinical purpose. Another reason for 
choosing this research topic was the existence of various papers from the medical field, which refer to certain 
similarities of the cardiovascular system between swine and humans. 
2. Research Methods 
This study was approved by the Bioethical Board of the Faculty of Veterinary Medicine of Cluj-Napoca, 
Romania. 
The study was performed on the following biologic material: 5 male pigs, of ages between 30 and 90 days, 
weighting from 20 to 65 kilograms. The pigs were obtained from a private breeder, from Sălaj County, Romania.  
The imaging was performed with a TEMCO GRx-01 type fixed radiological installation and a type JP-33 
automatic developing machine. As contrast medium, we used the product Iopamiro 300. 
Before the actual experiment, all subjects were clinically examined and declared clinically healthy. Our chosen 
technique required the induction of neuroleptanalgesia, which was performed by administering to each subject by 
intramuscular injection 2% Xylazine (dosage: 2-4 mg/kg of body weight) and 10%, Ketamine (dosage: 10-20 mg/kg 
of body weight). 
After the onset of the neuroleptanalgesia, 50 ml of Iopamiro 300, split in two doses, were administered by intra-
cardiac injection into the left ventricle. Prior to the injection, we have established the area corresponding to the 
projection of the left ventricle as the 4th intercostal space at the level of the chondro-costal articulation. This surface 
was prepared using the following protocol: the hair was clipped and shaved off, and the skin was disinfected with 
medicinal alcohol. The left cardiac ventricle was approached through the 4th intercostal space, at the level of the 
chondro-costal articulation. This allowed us to insert the needle of the syringe directly into the left ventricle. The 
contrast agent was administered in bolus. This technique was identically used on all 5 subjects. 
The pigs were placed in a respectively dorso-ventral and latero-lateral decubitus in order to perform the 
corresponding radiological exposures. These were done serially, at the time of the injection of the contrast agent, as 
well as at 1 minute and at 5 minutes after the injection. 
3. Results and Discussion 
Results for intra-cardiac injection of the contrast agent Iopamiro 300 were similar and without any significant 
differences in all subjects investigated in this study. 
Latero-lateral radiological exposure of subjects in right latero-lateral decubitus yielded images of the opacified 
left heart ventricle. These radiographic images were acquired during injection of the Iopamiro 300 contrast agent. 
The medium was observed while progressing from the left ventricle to the aorta.  
The first opacified segment was represented by the aortic bulb which appears as a fusiform dilatation that houses 
the origin of the coronary arteries. Because of this, we have also seen the opacification of the latter (Fig. 1).  
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Regarding the left coronary artery we have imaged both the origin and its bifurcation into two branches: a 
horizontal branch or left circumflex coronary artery, in the left atrio-ventricular groove and a descending branch or 
paraconal artery, situated in the homonymous groove (Fig. 1). 
Regarding the aspects of the right coronary artery, in all of the subjects of this study only its origin and its path on 
the right side of the heart were visible (Fig. 1). 
 
 
Fig. 1.1. Left cardiac ventricle; 2. Aortic bulb; Left circumflex coronary artery (white arrow); Paraconal artery (yellow arrow);  
Right coronary artery (black arrow). 
 
The Iopamiro 300 contrast medium progressed with the blood flow from the aortic bulb into the ascending aorta. 
This segment of the aorta was well opacified, allowing us to determine its length; it measures approximatively 1 to 
2.5 cm. Following the aorta, the contrast agent went into the arch of the aorta (Fig. 2). 
In all subjects, the arch of the aorta was well opacified. It begins at the emission of the brachiocephalic arterial 
trunk and ends at the level of the ventral face of the fifth thoracic vertebra. From this point, the Iopamiro 300 
medium reached the thoracic descending aorta and then the abdominal descending aorta. This aspect was well 
imaged due to a very good opacification of these segments in all subjects (Fig. 2). 
 
 
 
Fig. 2.1. Arch of the aorta; 2.Thoracic aorta; 3.Abdominal aorta. 
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The radiographic images of all research subjects highlight the fact that the first vessel detaching from the arch of 
the aorta is the brachiocephalic arterial trunk. Its opacification was induced in a proportion of 100% in all the 
subjects of the research group (Fig. 3). 
Due to the very good opacification produced by the Iopamiro 300 medium, we have noticed on the radiographies 
obtained from the subjects in latero-lateral decubitus, the cranial path and the topography of the brachiocephalic 
trunk in the pre-cardiac mediastinum, as well as its ending into the bicarotid trunk which emits at the level of the 
first rib the right and left common carotid arteries. We have observed that the bicarotid trunk is extremely short; this 
particularity appeared in all of the research subjects and it is also a general characteristic of all pigs (Fig. 3). 
Due to the superposition of the vessels with other opaque anatomical formations, we were not able to image the 
right subclavian artery in any of the research subjects. 
 
 
 
Fig. 3.1. Brachiocephalic arterial trunk; 2. Common carotid arteries. 
 
Radiographic images obtained from the examined subjects revealed the fact that at 1.5-2 cm dorsally from the 
emission of the brachiocephalic arterial trunk lays the origin of the left subclavian artery. This particularity of the 
left subclavian artery emerging directly from the aorta in pigs is also present in other species, having been described 
in literature. Thus we can assert that the aspect of this segment in our research subjects confirms literature data. On 
the obtained images, it can be seen that the trachea is placed in-between the two arterial elements previously 
mentioned (Fig. 4). 
 
 
 
Fig. 4.1. Brachiocephalic arterial trunk; 2. Left subclavian artery; 3. Trachea. 
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We were also able to image the branches of the left subclavian artery in all subjects. The opacification produced 
by the Iopamiro 300 medium has highlighted three dorsal branches and two ventral branches of this artery. 
The dorsal branches are the costocervical artery, the deep cervical artery and the vertebral artery. Their origins 
are very close to one another. Based on the arteriographies, we noted that the costocervical artery detaches from the 
left subclavian artery and heads towards the IInd intercostal space. The deep cervical artery originates closely to the 
previous, and it path is oriented towards the Ist intercostal space. Very close to the origin of the deep cervical artery 
there is also the origin of the last branch of the subclavian artery, namely the vertebral artery (Fig. 5). 
We need to mention the fact that due to the topography of the previously mentioned arteries we were able to 
image only their origins and a short segment of their path. This situation was caused by the superposition of these 
branches with radio-opaque neighbouring formations, represented by the skeleton. 
 
 
 
Fig. 5. Costocervical artery (black arrow); Deep cervical artery (white arrow); 
Vertebral artery (yellow arrow). 
 
The ventral branches of the subclavian artery present in the subjects of our research group were the internal 
thoracic artery and the omocervical artery. 
On the obtained arteriographies we noted the opacification of the internal thoracic artery and its caudally oriented 
trajectory. Her path followed the internal side of the cartilaginous segments of the ribs, up to the sternal insertion of 
the diaphragm (Fig. 6). 
The omocervical artery – the second ventral branch of the left subclavian artery, has a path opposed to that of 
the previous branch. It orients itself cranially towards the region of the jugular groove. Its oppacification was 
present in all examined research subjects. We can affirm that its origin is very close to that of the internal thoracic 
artery (Fig. 6). 
 
 
 
Fig. 6. Internal thoracic artery (black arrow); Omocervical artery (blue arrow). 
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The vast majority of researchers focused more on the study of coronary arteries in pigs. Their studies were 
comparative ones between different species, including man. We mention that the coronary arteries were investigated 
both by anatomical dissection and from the radiological point of view. Radiological methods used by researchers 
were conventional X-ray radiography and computed tomography (Bis et al., 2006; Christensen and Campeti, 1959; 
Kato et al., 1987; Kumar et al., 2007; Martin, 2010; Sahni et al., 2008; Weaver et al., 1986). From the above 
mentioned data it results that the arterial branches of the great vessels of the heart have been somewhat neglected in 
terms of radiological studies in pigs, while being more frequently discussed in carnivores, especially in dogs and 
cats (Burk and Feeney, 2003; Coulson and Lewis, 2002; McAllister and Kealy, 2000; Schwarz and Johnson, 2008).  
Our research focused on a radiological investigation of the heart and of the large arteries in pigs. More precisely, 
the radiographic images obtained by us showed the heart and the ascending aorta, the arch of the aorta, the 
brachiocephalic trunk, the left subclavian artery, the thoracic aorta and the abdominal aorta. 
Based on the results, we can assert that the topography of the heart and the distribution of the coronary arteries in 
the examined subjects coincided with the common norm described by certain authors (Chirilean et al., 2009, 2010a, 
2010b; Barone,1996; Damian, 2001; Kumar et al., 2007; Sahni et al., 2008). 
Referring to the branches stemming from the aorta, our study has underlined by means of arteriography the most 
important branches of the ascending aorta and of the aortic arch. The obtained radiographies in pigs show that the 
brachiocephalic trunk is emitted at the level of the aortic arch and that it ends in an extremely short bicarotid trunk. 
Based on the results obtained following this study, we can confirm the results of other authors, obtained both by 
anatomical dissection techniques and by medical imaging techniques (Barone, 1996; Martin, 2010). 
Results referring to the topography of the emission of the left subclavian artery and the particular fact that it is 
given off individually, these facts were confirmed by the contrast agent arteriography, consistent with the data from 
literature (Barone, 1996; Damian, 2001; Martin, 2010). 
Our study succeeded in highlighting all the branches of the left subclavian artery, namely: the costocervical 
artery, the deep cervical artery, the vertebral artery, the internal thoracic artery and the omocervical artery. Referring 
to the omocervical artery, we must mention that in the examined subjects we have found only its ascending branch – 
the superficial cervical artery, thus confirming that in the majority of swine, the descending branch may be missing 
(Barone, 1996). 
4. Conclusions and Recommendations 
The angiocardiography with contrast agent is a imaging method that yields very good results in pigs, especially to 
imagine the heart, the topography of the arteries and especially their relation to neighbouring organs. 
The best results on the imaging of the opacification of the heart and targeted arteries were obtained by 
performing the radiologic exposure during the injection and one minute thereafter. 
In all examined subject, the latero-lateral radiologic exposure with the animal placed in a latero-lateral decubitus 
provided the best results with regards to the heart and the aorta with its distribution branches.  
The dosage of contrast agent used in this study has led to the opacification of the targeted cardiovascular 
elements, in 100% of the examined subjects. 
The Iopamiro 300 contrast agent had no negative impact on the health state of the subjects included in our study. 
The technique of contrast agent angiocardiography can be considered very useful as a preliminary investigation 
prior to performing medical procedures on the heart and on the blood vessels. 
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